Region specific regulation of sodium pump isoform and Na,Ca-exchanger expression in the failing human heart--right atrium vs left ventricle.
Na,K-ATPase (NKA, Na-pump), an alphabeta heteromer, is the receptor for cardiac glycosides (CG) which exert a positive inotropic effect by inhibiting enzyme activity, decreasing the driving force for Na,Ca-exchange (NCX) and increasing cellular content and release of Ca2+ during depolarization. Our previous study of regional distribution of NKA in non-failing human hearts demonstrated that Na-pump alpha2-, alpha3- and beta1-isoforms were 30-50% lower in right atrium (RA) compared with left ventricle (LV), resulting in overall lower NKA activity and CG binding site number and increased sensitivity to inotropic stimulation. In failing human heart LV Na-pump alpha1, alpha3 and beta1 proteins were reduced 30-40%, with no change in alpha2 or NCX; NKA activity and CG binding sites decreased 40%, and sensitivity to inotropic stimulation increased, all compared to LV from non-failing hearts. In this study we investigated the influence of region specific factors (e.g. hemodynamics) on the regulation of NKA isoform and NCX expression in heart failure by comparing the pattern of change in right atrial myocardium during heart failure with that previously determined for LV. In RA samples from failing hearts, alpha1-, alpha2- and beta1-isoform protein expression were decreased by 40, 50 and 25%, respectively, with no significant change in alpha3 or NCX levels relative to non-failing hearts (both n= 12). Thus, alphabeta1 decreases in both RA and LV during heart failure, while alpha2beta1 is reduced only in RA and alpha3beta1 only in LV. This indicates that there are not only regional differences in normal cardiac Na-pump isoform expression but also regional differences in the pattern of isoform expression as a function of failure that may have distinct functional consequences in the adaptive process of heart failure. The mechanisms underlying Na,K-ATPase regulation and effect of hemodynamics remain to be investigated.